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A heat treatment for hot or cold worked 725 type corrosion resistant alloys to increase the room temperature yield strength of the 
material to above about 145 ksi (lOOOMPa). The material is useful for oil patch and gas turbine applications. The process includes annealing 
the material of about 825 ^^F (996 **C) for about 0.5-2.5 hours, age hardening the material at about 1700 °F (760 **C) for about 5.5 to 10.5 
hours to precipate double gamma prime, furnace cooling the material about 50 'F (28 *C) to 100 **F (56 'C) per hour and heat treating the 
material at about 1200 *F (649 °C) for about 5.5 to about 12.5 hours. 
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HEAT TREATMENT FOR NTCKEL-BASE ALLOYS 



rCAL FIELD 

The instant invention relates to corrosion resistant nickel-base alloys in 
general, and moie pardcularly, to a heat treatment diat encourages ganuna prime and 
double gamma prime precipitation and relatively high yield strengths on the order of 156- 
15 172 ksi (1076-1 186MPa). 

BACKGROUND ART 

In physically and chemically demanding environments, such as oil patch 
20 and gas turbine applications, there is a need for hig^ strengdi nickel-base alloys having 
corrosion resistance greater than the workhorse 3% molybdenum precipitation hardened 
alloys - Inconel* alloy 718 and Incoloy* alloy 925. QDcaasi and Incoloy are the 
trademarks of die assignee). In particular, a yield stre:^ m the range of about 140-170 
ksi (965-1172 MPa) combined widi superior corrosion resistance is desired by fabricators 
25 and component manufacturers. 
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5 

Oil patch appiications inciude subsur&ce and well head complenons and 
dxill conq)onettt5. ISgh strengdi and corrosion lesiscant containment rings and associated 
components on gas turbine engines require li^tweigfat but robust construcdon. 

10 Age hardenable alloys based upon mckel and containing precipitation 

hardening amounts of titanium, niobium and/or aluminum have been known and used for 
many years. Various heat treatment techniques have been employed to obtain desired 
physical and chemical chaiacterisdcs. See, for example, U.S. patent 3,871,928. 

15 More paiticulariy, component fibricators and designers have ideniined the 

following characteristics and targets as desirable for specific oil/gas and turbine 
applications: 

(1) Age-hardenable yield strengdien 2t 140 ksi (968 MPa); 
20 (2) Charpy V-notch impact strcngdx at -75'F (-58'C) = 25 ft-lbs 

(lllN); 

(3) Pitting resistance superior to alloys 718 (UNS NO 771B) and 925 
(UNSN0 6625); 

(4) Resistance to hydrogen embrittlement per NACE TM-0 1 77 test; 
25 (5) Stress corrosion cracking resistance to moderately sour oil field 

environments at temperatures &om ISO"" to 350T (121 to 177°C); 

(6) Fracture energy as expressed by tensile strength elongation 
greater than exhibited by alloy 718; and 

(7) High temperature strength greater than exhibited by alloy 625. 



30 



Assignee produces Inconel alloy 725 (UNS NO 7725). Hie typical 
conunercial composition of alloy 725 is given below: 
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f CHEMICAL COMPOSITION, WT, % 


Nickel 


55.0-59.0 


Chromium 


19.0-22.5 


Moivbdemmi 


7.0-9.5 


NaOviuHa 


2.75^.0 


Titanium 


1.0-1.7 


Aluminum 


0.35 max. 


Carbon 


0.03 max. 


Maiuzanese 


0.35 max. 


Silicon 


0.20 max. 


Phosnhonis 


0.015 max. 


Sulfur 


0.010 max. 


CaamtexcM 


Trace 


impurities 




Iron 


Remainder 



Alloy 725 is strengthened by precipitation of double gamma prime phase 
during an aging treatment Before aging, the alloy is currently solution annealed at 
10 1900*'F( 1040°C) and water quenched. For sour gas applications, the published 
recommended aging treatment is 1350*'F (730^C) / 8 hours and then air cooling. 

In summary, in order to obtain the published high yield strengths for, say, 
age hardened rounds (133 ksi [917 MPa]) or strip (143 ksi [992 MPa]), the current 
15 practice is to anneal, cold work and then ^e. 

In Older to exceed the properties of alloys 718 and 925, it was contemplated 
that a new heat treatment paradigm would be necessary. 

20 SUMMARY OF THE INVENTION 

Accordingly, there is provided a heat treatment &r 725 type alloys. 

In contrast to current practice, the heat treatment is perfiaimed directly on 
25 hot or cold worked material. 
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5 The heat trecmnent consists of an initiai anneal of about 1 S2S*'F (996*'C) = 

259F {14^C) for about 0.5 to 2.5 hours, followed by age hardening ai about 1400T 
(760''C) = 50^F (28°C) for about 5.5 to 10.5 hours, followed by furnace cooling ax about 
50**? (28*'C) ± 25T (WC) per hour to about lOO'F (56'C) = 25T (14«C) per hour and 
finally heat ticaiii^ the alloy at about 1200T {649*'C) ± 50** (28*'C) for about 5.5 to 12.5 
10 hours. 

The resdtant rooRi teniperature 0.2% yield strength of The alloy is in excess 
of about 145 ksi (1000 MPa), preferably above 150 ksi (1042 MPa); and more preferably 
in excess of 155 ksi (1069 MPa). 

15 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 compares static crack growth dam for alloy 725 and alloy 718 at 
538T (1000''F)inair. 

20 Figure 2 compares static crack growth data for alloy 725 and alloy 718 at 

649*^0 (1200*'F), 

PREFERRED EMBODIMENT OF THE INVENTION 

25 For the purposes of this specification, the appearance of the adverb "about'* 

before a sii^le or series of values shall be interpreted to encompass each and every value 
unless expressly indicated to the contrary. 

Althou^ the inventors have endeavored to accurately convert units and 
30 measurements, in die event a discrqmcy exists between an English unit of measurement 
and an SI unit of measurement, die English unit of measurement shall be controlling 

The instant heat treatment process is applicable to 725 type alloys such as 
UNS designadons NO 07725 and NO 07716. 

35 
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5 Alloy UNS NO 07716 has the approxiinaie C'about'O analysis: 



Nickel I 61 


1 i 


Molvbdenmn 1 8 J 


Cariwn 1 0.015 1 


Niobium | 3.3 


Mi»n«»TiiM» 1 0.1 1 


Titanium 


1.3 


Phosohorus 


0.005 1 


Aluminum 


0.2 


Suliiir 


0.002 


Iron 


Remainder 


Silicon 


0.1 1 


Commercial 
imouiities 


Trace 


Chromium 


20J 



The expression "725 type alloy" encompasses the approximate ranges of 
UNS NO 07725 and NO 07716. Accordingly for this specification, a **725 type alloy" 
10 may include the broad approximate lower and upper ranges of the identified compoaeni 
elements and/or the particular composition, idendfied in the UNS numbers and/or the 
particular examples disclosed herein. 

In general, the alloy is initially aimealed at about 1825°F (996^*0 ± 25T 
15 (14°C) for about 0.5 to 2.5 hours, followed by age hardening at about 1400T (760*'C) = 
50^'F (28°C) for about 5.5 to 10.5 hours, followed by fiimace cooling at about 50'' F 
(90^C) ± 25T^ (14°C) to about lOOT (180°C) i 25^ (14°C) per hour and finally heat 
treadng at about 1200** F (649*0 ± 50T? (28X) for about 5.5 to 12.5 hours. 

20 The resultant mechanical propeities of an alloy 725 bar heat treated 

pursuant to the process disclosed herein are listed below: 



0.2% Yield 
Strength 
ksi(MPa) 


Tensile Strength 
ksi(MPa) 


% 

Reduction 
ofArei 


% 

Elongatuin 


Hardness 
ERC 


-75»F(58«Q 
CVN Impact 
Strencth ft-lb 


156 . m 


195-216 
ri345-1489MPa) 


35-46 


21-25 


38-42 


(1120- 187 N) 1 



In contiast, the conventional existing treatment which calls for solution 
25 annealing plus age hanl^"'g optimizes corrosion resistance to extremely severe sour brine 
environments containing elemental sulfur at temperatures to 400^ F (204'*C). Tlie 
specification yield strength is 120 ksi (827 MPa) minimum and 140 Icsi (965 MPa) 
maximum. 
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Oil paxch &bric3Xors require higxier strengths for flapper values in 
subsuracs safety valves, packers and drilling equipment. Turbine mannfh caires require 
high fiacnire energies, as expressed by tensile strengdi times eiongarion, greater than those 
exhibited by alloy 718 and high temperature strengths greater than diose exhibited by alloy 
10 625. 

The instant process does not solunon anneal ail the precxpitaies in the as hot 
worked strucmre which helps control grain size. The 1200°F (749*'C) heat treating step 
grows the gamma double prime precipitates which are formed during the 1400T (760''C) 
15 aging treatment Afier die entire process is completed a higher yield strength is obtained. 
Acceptable ductility and toughness are maintained along with resistance to hydrogen 
embrittlement as per the NACE Test Method 0177 Oil Patch hydrogen embritdement test. 

The aforementioned test, promulgated by the National Association of 
20 Corrosion Engineers, is a severe hydrogen embrittlement test in which the material being 
tested is galvanically coupled to steel m an oil patch type sour brine environment consisting 
of hydrogKi sulfide saturated 5% sodium chloride with 0.5% acetic add at 7TT (25°C) fiar 
period of diirty days. 

25 MWthout beii^ limited to a particular theory, it is surmised that ann ealing 

the alloy at about 1825*T (996'C) partially dissolves the delta phase (NisNb) which is 
generally present in hot worked material (although the instant process is specifically 
applicable to coU worked forms as well). This helps tailor the microstnicture by 
controlling die grain size. Furdier, the presence oftheintergranular delta phase is also 

30 thou^ to iii^mjve the crack growth resistance at elevated temperatures under static or 
dynamic loading. Tlie double aging treatment at 1400T (760^C) and 1200T (649^0 
following aimi^itng is designed to produce a morphology and volume fraction of NisOPl, 
Ti)-type gamma prime and Mi (Nb, Al, Ti) - type double gamma prime precipitates to 
maximaze the streEgch and ductility. 



35 



A number of tensile tests were conducted to evaluate the efBcacy of the 

process. 
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PROCEDURE: 

Mazerial for lesdi^ came from commercially producsd in. to IVa inch 
(3.18*5.7 cm) diameter Inconei alloy 725 hoc roUed bar. The chemical composinoos of 
evaluated heats are shown in Table 1. 

10 



1 Table 1 Oianical Comoosition of Evaluated Heats (wt,%) 1 




HT5132LY 


HT5143LY 1 


C 


0.005 


0.005 




0.07 


0.13 


Fe 


8.46 


8.05 1 


S 


0.002 


0.003 


Si 


<0.01 


0.02 


Ca 


0.01 


0.01 1 


Ni* 


57.64 


57.82 1 


Cr 


20.73 


20.81 1 


Al 


0.11 


0.16 


Ti 


1.53 


1.5 1 


Co 


<0.01 


0.03 


Mo 


7.92 


7.95 1 


Nb 


3.48 


3.53 1 


P 


0.004 


0.004 1 


B 


0.003 


0.003 1 


•Balance element aooroxiniate comoosition. 



A hydrogen embrittiement test was conducted in accordance with the 
aforementioned NACE Test MediodTM-0177 (A). Specimens were galvanically coupled 
tosteel. A minimum test duration of720 hours is required by the specification. Ihthis 
15 case, the heattxeated Inconei alloy 725 specimens were removed from the environment 
after 725 hours of exposure. 

DATA REVIEW: 

Table 2 displays the mechanical pnqjerties fi3r alloy 725 hot rolled bar, 
20 evaluated in various heat treated conditions. Except for heat treatments 5 and 6, the 

r ^mfln»i|ig hff^^t tTTatTT*^ wMiin the inventive concept. Material in these heat treated 
conditions exhibited excdlent strength, ductility and toughness. 



SUBSTITUTE SHEET (RULE 26) 



wo 00/03053 



-8- 



PCT/US99/14000 



T«blc 2 MccfaiBicai PnwftiM lUov 721 But 


SoikilBar n 


Heaf 


Haat 
TrcatncDt 


Sooaa Tcfliptnnm Tcnilt 


BBC 


-7STfCVK(- 

Ca*^V TfHnapt 


LatenlXxpansioa 
a\mm) 






YS 
lsi(MPa> 


(MPa) 


%SA 


%EL 






1 


Hr5132LY(22) 


1 


1 168.6(1162) 


203(1464) 


40.8 


215 


42 




II 


2 


170.6(1176) 


213.2 f 1470) 


40.4 


22.6 


40 




1 


3 


167,0(1151) 


211.40438) 


39.9 


21.9 


41 








4 


172.1(1187) 


215.8(1488) 


35.6 


20.6 


42 






Hr3l43V(31) 


5 


145.3 nOQ2) 


203Jn4Q3) 


33.1 


22.9 


39 






6 


140.5(969) 


201.40389) 


35X) 


23.7 


36 






Hr51432Y(l3) 


I 


158.1 (1090) 


198.9(1371) 


43J 


232 


39 


(U9) 

29'J0ri33> 


(0J3)0.0I3;0X)20 
(OJl) 


2 


160.1 (1104) 


2023(1395) 


45.7 


25.4 


41 


(I65)37;37 
(165) 


0.41)0.016;0.019 1 
(0.48) II 


3 


150.6(1038) 


1932(1322) 


44.4 


24.6 


39 


(116)2626 
(116) 


(0J6)0.014;0.012 
(0.30) 


4 


158J(109!) 


198.5(1369) 


40.7 


23.1 


38 


(120)2729 
(129) 


(026)0.014;0.017 
(0.43) 


5 


137.7(949) 


1914(1333) 


39.7 


7SJS 


38 


(98)2220 
(89) 


(0.43)0.017;0-012 
(OJO) 


6 


133.0 (917) 


190.4(1313) 


383 


23.8 


34 


(107)24-23 
(102) 


(020)0.012;0.013 
JS^ 


7 


158.5(1093) 


197.1(1359) 


43.8 


24.7 


40 


(116)2626 
(116) 


(OJ6)0,014;0.013 
(0-33) 


8 


158J(1093) 


199.1 (1373) 


44.0 


24.6 


38 


(178)4022 
(142) 


(0J3)0.Q21;O.O48 
(122) 


9 


1562(1077) 


197J(1362) 


42.7 


25.1 


39 


(133)3023 
(147) 


(0.41)0.016.0.010 
(025) 


10 


157.7(1087) 


195.0(1344) 


422 


24.8 


41 


(173)39;42 
(187) 


(0.43)0.01701.017 
(0.43) 


Heat Ttestcd Condition: 

1: 1825T (996'Cyih/AC + l40(rF(760Xryi0hJC at 5(r(9<rCyh to l20(rF(649'Cy8WAC 
2: 1825"F (996*Cy Ih/AC + 140<rF(7«rcy6hfC at 50^90^:yh to 120(rF(649Xyi2h/AC 
3: 18237 {996-Cyih/AC + l40(rF(760X)a4hJC at 5(r(9Crcyh to 1200T(649^4h/AC 
4: 182ST (996^VAC+ 140(rFn«rC)acai^at50n(90^yhto 120(rF(649n:0«h/AC 
5: 182S«F (996«CyiWAC + 155(rF(843Xy3hAC + 14O0T/8h, FC at 5<r/h to 1 150? (621*C) 
/8h/AC 

6: 1850Ta010^:yih/AC + 140(rT(760*cyJh^at5(r(90^to l20(rF(64nrWAC 
7: 18237 (996'Cy2h/AC + 140(rF(76(n:y6hJC at 3Cr(90*Cyh to 120(rF(649*Cy8h/AC 
8: 1823*F (996*Cy2h/AC ♦ 340(rF(760XySh^C at 50^90X>b to I20(rPf649^:y6h/AC 
9: 182ST (996*Cy2]i/AC + 140(rFC76(rcy6h;C at 3<r(90"Cyh to 120irT(649^yi2h/AC 
10: 18257 (PSe-CyiMAC + 14007f760Tya^ at 301(9(rC)fli to mrF{6^rC)K/AC 
(FC " FuiBBce Cool* AC " Atr CooGag li"lionr) 
f VN • Chanjv • V-meh. filU: - BMm» SodnwU C JU - Red^ 



Samples 4, 8, 9 and 10 were subjected to and passed the NACE Test 
Method 0177 (A) oil patch hydrogen embritdenfient test After 725 hours of exposure to 
tfaesourbiineenvironnient,dieiewasnocraddng fduplicate specimens coupled to steel. 
10 Results are shown in Table 3. 
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Table 3. TM0177 (A) Hvdrogfai Embrittlement Test* Results 



Heat Treated Condition 


Test Duration, hours 


Comment 1 




725 


Passed, no craddsg j 


g 


725 


Passed, no aadoDg j 


9 


725 


Passed, DO cxaddng | 


10 


725 


Passed, no craddng 


•Tested i^aivanicallv coiroied to steei 



10 Anaddxdonal series of experimental heat treatment tests were undertaken 

on a forged ring made from aUoy 725. 

A 6 inch (15^ on) diameter forging stock round of heat HT6094L Y (alloy 
725) was forged to a ring (13 inch [33cm] outer diameter, 8 inch [20,3 cm] inner diameter, 
15 and 3 inch [7.6 cm] heigixt). The chemical composition of heat HT6094LY is given in 
Table 4. 



Table 4. Chemical Composition of Heat HT6094L Y. 



Ni 


Cr 


Fe 


Mo 


Nb 


Ti 


Al 


C 


58.08 


20.73 


7.71 


7.99 


3.47 


1.52 


0.21 


0.010 



The fbiged ring was subjected to anrtealing at ISOOT (982*'C), 1825T 
(996<*Q, and 18S0°F (lOlO^Q for one hour. Tbese annealing conditions provided fully 
recrystalizednMCiosinicturewifligrainazesof ASTM#7, 6, aiid5reqiectiveiy Tbe 
material annealed at 1825°F^96°C) was subjected to three aging condidais coded A, B, 
andC. The agiiQconditiaas are given bdow: 

A» 1325»F (718^8h, Furnace Cool at 100^ (56»CVh to 1150^ 

(621«Q. HbUat 1150T(621«CV8h. Air Cool 
B=' 14007(760*0/ lOh, Funace Cod at 100°F(56"CVh to 

1200T?(649«q, Hold at 1200"F(649»C)/8h. Air Cool 



20 



25 
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5 C= 155(yF(843«Cy3h Air Cool + 1325T (718*'C)/8h, Furnace Cool at 

m^YiSe'Cyhto 1150*T{625*'C),Holdat 1150T(625»C)/8L Air 
Cool 

Code B's heat treatment resutted in the best combinadon of pibpeities &r 
10 room temperature tensile, 1200*T (649''C) tensile, and UOOT-llOksi [649''C-75g MPa] 
stress rupture (Tables S, 6 and 7). Hieiefbre, code B heat treatment was selected to 
evaluate long term stability and ctadc growth resistance. The tensile properties reported 
are the averages of duplicate tests. 

15 Table 5, Room Temperature Tensile Properties, 



Heat 
Treatment 


Yield Strength 
ksi(MFa) 


Tensile 
Strength ksi 

(MPa) 


% Eloi^ation 


Reduction of 
Area 


A 


132 (910) 


190(1310) 


27 


53 


B 


150(1034) 


198 (1365) 


21 


41 


C 


141 (972) 


195 (1344) 


21 


36 



Table 6, IBgh Temperatnre niWSPF) Tense Properties 



Heat 
Treatment 


YiddStraigth 
ksi (MPa) 


Tensile 
Strength ksi 
(MPa) 


% Eloi^ation 


Bedaction of 
Area 


A 


111(765) 


160(1103) 


36 


59 




127(876) 


171 (1179) 


27 


43 


—h- 


120(827 


168(1158) 


31 


54 



Table 7. Combination Bar Stress Rupture Tests at 1200^F-110ksi. 



Heat 
Treatment 


Rupture Life, h 


% Elongation 


Reduction in Area | 


A 


35.6 


14.7 


29.8 


53.3 


24 




B 


45.2 


43.5 


49 


31.8 


23.6 


29.2 1 


C 


11.8 


40.8 


52 


12.4 


28.6 


32.9 



20 

Table 8 shows room temperature tensile properties of the material exposed 
at 1 100**F (593''C) up to SOOOh. The initiai 500h exposure increased the room temperature 
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5 yieldstio^to I60ksi(1103MPa)anddiereaAerkiaiiati]edcans^ 
eq)osuret2xneof5000h. R(xmi teinpezatuze dnigadoa and reducd 
cbange with exposure. Hie initial 500b exposm at 1 lOOT (593^*0 increased ^ 1200"? 
(649*^) yidd stroigdi to 13^ (924MPa) (Table 9) and thexeafier it remained constant 
up a total exposure time of 7500h. High temperature elongation essentially remained 

10 constam with exposure excqitlOOOh exposure widi had low dbogati^ 

Table 8, Room Temperature Tensile Properties of Afrproduced (Code B heat 



treated) and llOO^F (S93°0 Exposed Material. 



Exposure 


Yield Straigth 


Tensile Strength 


% Elongation 


Reduction of Area 


Condition 


ksi(MPa) 


ksidVfPa) 






As-iJioduced 


150 (1034) 


198 (1365) 


21 


41 


500 hours 


161 (1110) 


205 (1413) 


20 


44 


1000 hours 


158 (1089) 


202 (1993) 


21 


44 


1 SOOOhoun 


159(1096) 


203 (1399) 


18 


34 



Table 9. High Temperature (1200*T [649^0) Tensile Properties of As-produced 
fCode B heat treated) and 1100^ f598°Q Exposed Material. 



Exposure 
Condftion 


Yield Strength 
hsKMPa) 


Tensile Strength 
ksi(MPa) 


% Elongation 


Reduction of Area 


As-produced 


127(876) 


171 (1179) 


27 


43 


500 hours 


134(924) 


175 (931) 


29 


50 1 


1000 hours 


134(924) 


176(1213) 


16 


23 1 


2500 hours 


133 (917) 


176(931) 


24 


39 


7500 hours 


134(924) 


176(1213) 


27 


44 



Figures 1 and 2 compare the crack growdi data of alloys 725 and 71 8 at 
20 lOOOT (538''C:) and 1200^ (649*^0 in air. Grade growdi resistance of alloy 725 when 
processed in acconknce widi die instant heat treatnaent is at least an onier of ni^^ 
better than standard treated aUoy 71S. 

In sununary, the heat treatmest of annealipg the worked alloy at about 
25 1825*T (996*^0/ lOh air coolmg + about 1400T (760*Cyi0h, furnace cooling at about 
100*T {Se^'Q/h to I200T (649^C), holding at about 1200^ (649^C)/8h, and air cooling 
provided the best combinadon of properties ftr room tenqwrature tensile, high temperature 
tensile, and stress lupture. llie material subjected to this heat treatment demonstrated 
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5 exceileot long tenn thermal stability at 1 100''? (S93''C). Further, the static crack growth 
resistance of alloy 725 subjected to this heat treatment was at least an order of magnitude 
belter than alloy 718 ai 1000*F(538^C) and 1200T(649^C). 

In accordance with the provisions of the statute, the specification illustrates 
10 and describes specific embodiments of the invention. Those skiUed in the art will 

understand that changes may be made in the form of the invention covered by the claims; 
and dat certain features of the invention may sometimes be used to advantage without a 
corresponding use of the other features. 
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5 The embodiments of the invention in vAddx an exchisive propeny or 

pxivO^ is ciaimed are defined as follows: 

1. A process &r heat treating an age hardenabie 725 type alloy nickel- 
base alloy to a yield Jticagtu in excess of about 145 ksi (lOOMPa) the methoJ a)mpiisiug: 

10 

a) providing a hoc or cold worked material consisting essentially of 
725^ alloy; 

b) annealing the material at about 1825°F (996°C) ± 25T (14*^0 
for about 0.5 to 2.5 hours; 

15 c) age hardening the material at about 1400T(76q°C)i:50T 

(28*C) &r about 5.5 to 10.5 hours; 

d) fiiniace cooling the material to about 1200T (649*'C); and 

e) heat treating the material at about 1200"*? (649°C) ± 50°F 
(2i''Q for about 5.5 to 12 J hours. 

20 

2. The process according to claim 1 including furnace cooling the material 
about 50T (28«C) ± 25^F (M'^C) per hour to about lOOT (56*'C) ± 25T? (14«C) per 
hour. 

25 3. The process according to claim 1 comprising: 

a) annealing the material at about 1825''F(996''C) for about 10 
hours; 

b) age hardening the material at about 1400''F (760''C) for about 10 
hours; 

30 c) fiixnace cooling the material at about 1007 (56''C) per hour to 

about 12007 (649*q, and 
d) heat treating the material at about 12007 (649''C) for about 8 
houfs. 

35 4. The process according to claim I wherein the 725 type alloy is selected 

fiom the group rr^5'?^"; of UNS NO 07725 and UNS NO 07716. 
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5 5. The process according to ciaim 1 inciudiz^ fbnning ganuna double 

prime pardcles in the 725 type alloy during age hairimins. 

6. The process according to daim 1 wherein the room temperature yield 
suengdi of the material is about I5C 172 ksl (1376-1186 MPa). 

10 

7 . The process according to daim 1 \«faerein the 725 type alloy consists 
essendally of about 55-59% nickel, about 19-22.5% chromium, about 7-9 J% 
molybdenum, about 2.75-4% niobium, about 1-1.7% titanium, up to about 0.35% 
aluminum, up to about 0.03% carbon, up to about 0 J5% manganese, up to about 0.2% 

15 silicon, up to about 0.015% phosphorus, up to about 0.01% sulfiu- commerciai impurides 
and balance iron. 

8. The process according to claim 1 wherein the 725 type alloy consists 
essentially of about 61% nickel, about 20.5% chromium, about 8.5% mofybdenum, about 

20 1.3% titanium, about 3.3% niobium, about 02% alummum, about 0.015 carbon, about 
0.1% manganese, about 0.1% silicon, about 0.005% phosphorus about 0.002% sulfiir, 
commercial inqsurides and balance iron. 

9. The process according to claim 1 wherein the 725 type alloy consists 
25 essentially of about 55-61% nickel, about 19-22.5% chromium, about 7-9.5% 

molybdenum, about 2.75-4% nidiium, about 1-1.7% titanium, up to about 0.35% 
aluminum, up to about 0.03% carbon, up to about 035% manganese, up to about 0 J2% 
silicon, up to about 0.015% phosphorus, up to about 0.01% sulfur commercial impurides 
and balance iron. 

30 

10. Tlie process according to claim 1 wherein the 725 type alloy has a 
Chazpy-V-notdi impact strengdi equal to or greater dm about 25 ft-lbs(lllN). 
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